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1
POLARIZATION MULTIPLEXING OPTICAL
TRANSMITTER AND OPERATION CONTROL
METHOD

CROSS-REFERENCE TO RELATED PATENT
APPLICATIONS

This application is a National Stage Entry of International
Application No. PCT/JP2013/002937, filed May 7, 2013,
which claims priority from Japanese Patent Application No.
2012-170697, filed Aug. 1, 2012. The entire contents of the
above-referenced applications are expressly incorporated
herein by reference.

TECHNICAL FIELD

The present invention relates to a polarization multiplexing
optical transmitter and an operation control method, and in
particular, to a polarization multiplexing optical transmitter
which synthesizes two light signals having the same wave-
length with polarized conditions orthogonal to each other,
and which transmits the synthesized signal.

BACKGROUND ART

In optical fiber transmission systems, when the polariza-
tion multiplexing scheme that transmits signals using polar-
ized lights with orthogonal polarization is applied, it becomes
possible to double the transmission capacity per an optical
fiber. In recent years, a digital signal processing technology is
applied to a receiver of an optical transceiver, thereby
enabling an efficient separation of a polarization multiplexed
signal. Hence, the polarization multiplexing scheme is now
widely used.

However, it is known that polarization multiplexed signals
are affected by non-linear effects (intra-polarized-wave
mutual phase modulation: intra-polarized-wave XPM) from
orthogonally polarized signals. In addition, polarization mul-
tiplexed signals with the same wavelength not only propagate
at the same speed in an optical fiber, but also cause similar
waveform change when a wavelength dispersion occurs.
Accordingly, an adverse effect of the intra-polarized-signal
XPM is likely to be accumulated, and thus the signal quality
is remarkably deteriorated in accordance with a transmission
distance. Hence, in order to transmit the polarization multi-
plexed signals over a long distance while maintaining the
excellent transmission quality, a technology of compensating
or easing the waveform distortion caused during the trans-
mission is important.

PTL 1 discloses that, in a transmitter of a light signal
transmission system employing the polarization multiplexing
scheme, by asymmetrical chirp is added to two light signals
(polarized wave components) to perform phase modulation
on the two light signals, those signals with polarized condi-
tions orthogonal to each other are synthesized and a polariza-
tion multiplexed signal is generated.

According to the technology disclosed in PTL 1, when a
wavelength dispersion is caused to the polarization multi-
plexed signal in a transmission line fiber, the one polarized
wave component with an asymmetrical chirp has a time wave-
form dispersed (spread), while the other polarized wave com-
ponent has a time waveform compressed (pulse compres-
sion). Hence, when the polarization multiplexed signal
propagates in an optical fiber, a different waveform change
(dispersion or compression) is shown between polarized
waves orthogonal to each other at an arbitrary time slot. This
is a waveform change that has a weak correlation between the
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polarized waves, and thus the adverse effect of intra-polar-
ized-wave XPM can be eased.

CITATION LIST
Patent Literature

PTL 1: International Unexamined Patent Publication No.
2010/026894

SUMMARY OF INVENTION
Technical Problem

As explained above, the technology disclosed in PTL 1 can
ease the adverse effects of intra-polarized-wave XPM,
thereby improving the signal quality. For the polarization
multiplexing scheme, however, a technology is also impor-
tant which compensates or eases not only the adverse effects
of intra-polarized-wave XPM, but also a waveform distortion
originating from a combined effect of a self-phase modula-
tion (SPM) that is an asymmetrical optical effect in an optical
fiber with wavelength dispersion.

It is an objective of the present invention to address the
aforementioned technical problems, and to provide a polar-
ization multiplexing optical transmitter and an operation con-
trol method which can further improve a signal quality.

Solution to Problem

A polarization multiplexing optical transmitter according
to an aspect of the present invention includes: frequency
dividing means that performs frequency dividing on a clock
signal having a Baud rate frequency; phase modulation means
that performs phase modulation on a light signal in accor-
dance with the clock signal having undergone the frequency
dividing; branching means that branches the phase-modu-
lated light into two light signals; delay means that delays one
branched light signal relative to the other branched light sig-
nal to generate light signals having phases inverted relative to
each other; and polarization multiplexing means that synthe-
sizes the generated light signals with orthogonal polarizations
to generate a polarization multiplexed signal.

A polarization multiplexing optical transmitter according
to another aspect of the present invention includes: frequency
dividing means that performs frequency dividing on a clock
signal having a Baud rate frequency; phase modulation and
delay means that performs phase modulation on two light
signals having a same wavelength in accordance with the
clock signal having undergone the frequency dividing, and
delays one light signal relative to the other light signal to
generate light signals having phases inverted relative to each
other; and polarization multiplexing means that synthesizes
the generated light signals with orthogonal polarizations to
generate a polarization multiplexed signal.

An operation control method according to the other aspect
of the present invention is for a polarization multiplexing
optical transmitter, and the method includes: a frequency
dividing step for performing frequency dividing on a clock
signal having a Baud rate frequency; a phase modulation step
for performing phase modulation on a light signal in accor-
dance with the clock signal having undergone the frequency
dividing; a branching step for branching the phase-modulated
light into two light signals; a delay step for delaying one
branched light signal relative to the other branched light sig-
nal to generate light signals having phases inverted relative to
each other; and a polarization multiplexing step for synthe-
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sizing the generated light signals with orthogonal polariza-
tions to generate a polarization multiplexed signal.

An operation control method according to the still other
aspect of the present invention is for a polarization multiplex-
ing optical transmitter, and the method includes: a frequency
dividing step for performing frequency dividing on a clock
signal having a Baud rate frequency; a phase modulation and
delay step for performing phase modulation on two light
signals having a same wavelength in accordance with the
clock signal having undergone the frequency dividing, and
delays one light signal relative to the other light signal to
generate light signals having phases inverted relative to each
other; and a polarization multiplexing step for synthesizing
the generated light signals with orthogonal polarizations to
generate a polarization multiplexed signal.

Advantageous Effects of Invention

According to the present invention, an advantageous effect
that is a further improvement of a signal quality can be accom-
plished.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a diagram illustrating a structure of a polarization
multiplexing optical transmitter according to a first exem-
plary embodiment of the present invention;

FIG. 2 is a diagram for explaining a transition in a modu-
lation condition in a generating process of a polarization
multiplexed light signal according to the structure in FIG. 1;

FIG. 3 is a diagram for explaining a transition in a modu-
lation condition in a generating process of a polarization
multiplexed light signal according to the structure in FIG. 1;

FIG. 4 is a diagram for explaining a transition in a modu-
lation condition in a generation process of a polarization
multiplexed light signal according to the structure in FIG. 1;

FIG. 5 is a diagram illustrating an example of an optical
output by the polarization multiplexing optical transmitter in
FIG. 1,

FIG. 6 is a diagram illustrating a structure of a polarization
multiplexing optical transmitter according to a second exem-
plary embodiment of the present invention;

FIG. 7 is a diagram for explaining a transition in a modu-
lation condition in a generating process of a polarization
multiplexed light signal according to the structure in FIG. 6;

FIG. 8 is a diagram for explaining a transition in a modu-
lation condition in a generating process of a polarization
multiplexed light signal according to the structure in FIG. 6;

FIG. 9 is a diagram illustrating an example of an optical
output by the polarization multiplexing optical transmitter in
FIG. 6;

FIG. 10 is a diagram illustrating a structure of a polariza-
tion multiplexing optical transmitter according to a third
exemplary embodiment of the present invention;

FIG. 11 is a diagram illustrating a structure of a polariza-
tion multiplexing optical transmitter according to a fourth
exemplary embodiment of the present invention;

FIG. 12 is a diagram illustrating a structure of a polariza-
tion multiplexing optical transmitter according to a fifth
exemplary embodiment of the present invention;

FIG. 13 is a diagram illustrating a structure of a polariza-
tion multiplexing optical transmitter according to a sixth
exemplary embodiment of the present invention;

FIG. 14 is a diagram illustrating a structure of a polariza-
tion multiplexing optical transmitter according to a seventh
exemplary embodiment of the present invention;
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FIG. 15 is a diagram illustrating a structure of a polariza-
tion multiplexing optical transmitter according to an eighth
exemplary embodiment of the present invention; and

FIG. 16 is a diagram illustrating a structure of a polariza-
tion multiplexing optical transmitter according to a ninth
exemplary embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

Exemplary embodiments of the present invention will be
explained below with reference to the accompanying draw-
ings. FIG. 1 is a diagram illustrating a structure of a polariza-
tion multiplexing optical transmitter according to a first
exemplary embodiment of the present invention. In FIG. 1,
the polarization multiplexing optical transmitter according to
the first exemplary embodiment of the present invention
includes a laser diode (LLD) 1 that is a signal source, a fre-
quency dividing circuit 21 that divides the frequency of a
clock signal 9 into half, a phase modulator 8 that performs
phase modulation in accordance with the clock signal divided
by the frequency dividing circuit 21, an optical coupler 2 to
branch the light signal, a delay circuit 10 that delays one light
branched by the optical coupler 2, PSK (Phase Shift Keying)
modulators 3, 4 that perform data modulation on respective
lights branched by the optical coupler 2, and a polarization
beam combiner 5 to multiplex PSK modulated lights with
polarized conditions orthogonal to each other.

Phase modulation is performed on light output by the LD 1
by the optical phase modulator 8 driven by the clock signal
divided by the frequency dividing circuit 21. In this case, the
frequency of the clock signal 9 is the same as the rate (Baud
rate) of data modulation, and this clock signal 9 is divided to
be half frequency by the frequency dividing circuit 21, and is
output to the optical phase modulator 8. Subsequently, the
phase modulated light is branched by the optical coupler 2
into two lights, and the PSK modulator 3 performs data
modulation on one of the two lights in accordance with a data
signal 6. The other light is delayed by a time corresponding to
acycle of Baud rate (a cycle ofthe clock signal 9) by the delay
circuit 10, and data modulation is performed on the signal by
the PSK modulator 4 in accordance with a data signal 7.

Inthis case, the reason why a delay is provided by the delay
circuit 10 is to invert phases of the two phase modulated lights
that are the outputs from the optical coupler 2, and according
to this structure, the phase modulation is performed at the half
frequency of the clock signal 9. Hence, the amount of delay
by the delay circuit 10 is set to be a cycle of Baud rate (a cycle
of'the clock signal 9). The output lights by the PSK modula-
tors 3 and 4 are polarization-multiplexed with polarized con-
ditions orthogonal to each other by the polarization beam
combiner 5, and thus a polarization multiplexed light modu-
lation signal is generated.

A transition in a modulation condition in a generating
process of a polarization multiplexed light modulation signal
according to this exemplary embodiment will be explained
with reference to FIGS. 2 to 4. In this example case, the light
intensity is always constant over time, and thus the explana-
tion will be given while focusing on the phase condition of
light. The phase of light is constant right after output by the
LD 1 (condition A). The light becomes a phase condition
synchronized with the clock signal 9 divided in half like a
condition B by the clock signal 9 divided in halfand the phase
modulator 8. Two lights (X polarization and Y polarization)
right after branched by the optical coupler 2 are in the same
phase condition like a condition C.

Then, with delay circuit 10 delaying only Y-polarized light
by a cycle of Baud rate, like a condition D, such a light
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becomes a phase modulated light having the phase inverted
relative to the light at the X-polarization side. Subsequently,
when the PSK modulators 3, 4 perform data modulation on
the respective phase modulated lights, PSK light modulated
signals like a condition E are obtained.

The X andY polarization light signals become PSK-modu-
lated signals having undergone different data modulations
based on the data signals 6, 7, respectively, but like a condi-
tion E in FIG. 4 and as illustrated in FIG. 5, when the phase
change curves of lights are compared with each other at the
same time slot, the phase curves are inverted between the X
andY polarizations. Note that FIG. 5 is a diagram illustrating
an example of optical output by the polarization multiplexing
optical transmitter in FIG. 1.

As explained above, according to the first exemplary
embodiment of the present invention, X and Y polarization
light signals are modulated with signals of different polarities
(the term polarity in this example means whether the phase
modulated waveform (phase curve) is convex upwardly or is
concave downwardly). That is, the polarity is inverted
between the X polarization and the Y polarization. In addi-
tion, according to the first exemplary embodiment of the
present invention, as illustrated in FIG. 5, the polarity of
phase between adjoining bits in the same polarized wave is
further inverted (concave and convex appear alternately for
each bit).

Depending on whether the phase modulated waveform
(phase curve) is convex upwardly or is concave downwardly,
the waveform change (dispersion or compression) when this
polarization multiplexed signal suffers a wavelength disper-
sion in a transmission line fiber differs. In other words, when
the polarization multiplexed signal suffers a wavelength dis-
persion, the signal (bit) on which the phase modulation with
the one polarity is applied has a time waveform dispersed
(spread), while the signal (bit) on which the phase modulation
with the other polarity is applied has a time waveform com-
pressed (pulse compression).

Accordingly, when the polarization multiplexed signal
propagates in an optical fiber, a different waveform change
(dispersion or compression) is caused between the X/Y polar-
izations at an arbitrary time slot. This is a waveform change
that has a weak correlation between polarized waves. There-
fore, the adverse effects of intra-polarized-wave XPM can be
eased.

In addition, since the polarity of phase modulation is
inverted between the adjoining bit slots in the same polarized
wave, during a propagation in an optical fiber, a different
waveform change (reverse waveform change in terms of dis-
persion and compression) occurs between the adjoining bits.
Hence, a waveform distortion originating from a combined
effect of a self-phase modulation (SPM) that is nonlinear
optical effect in an optical fiber with wavelength dispersion
can be suppressed, thereby improving the signal quality after
a transmission.

In order to facilitate understanding to the first exemplary
embodiment of the present invention explained above, next,
an explanation will be given of a second exemplary embodi-
ment of the present invention. FIG. 6 is a diagram illustrating
a structure of a polarization multiplexing optical transmitter
according to the second exemplary embodiment of the
present invention, and the same component as that of FIG. 1
will be denoted by the same reference numeral. As illustrated
in FIG. 6, the polarization multiplexing optical transmitter
according to the second exemplary embodiment of the
present invention differs from the first exemplary embodi-
ment in that the polarization multiplexing optical transmitter
of this exemplary embodiment has no frequency dividing
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circuit 21 in FIG. 1, but the light phase modulator 8 performs
phase modulation at the same frequency as that of Baud rate.
In addition, in the second exemplary embodiment, the amount
of'delay by the delay circuit 10 is set to be ahalf cycle of Baud
rate (half cycle of clock signal 9).

An explanation will now be given of a transition in a
modulation condition in a generating process of a polariza-
tion multiplexed light modulation signal according to the
second exemplary embodiment of the present invention with
reference to FIGS. 7 and 8. In this example case, since the
light intensity is always constant over time, the explanation
will be given while focusing on the phase condition of light.
The phase of light is constant (condition A) right after output
by the LD 1. The phase of falls in a light condition like a
condition B synchronized with the clock signal 9 in accor-
dance with the clock signal 9 and by the phase modulator 8.
Respective two lights (X polarization and Y polarization) are
in the same phase condition like a condition C right after
being branched by the optical coupler 2.

Next, with delay circuit 10 delaying only Y-polarized light
by a half cycle of Baud rate, like a condition D, such a light
becomes a phase modulated light having the phase inverted
from that of the light at the X-polarization side. Subsequently,
the PSK modulators 3, 4, perform data modulation on the
respective phase modulated lights, and thus PSK light modu-
lated signals like a condition E are obtained.

While the X and Y polarization light signals become the
PSK-modulated signals modulated by the different data
modulations based on the data signals 6, 7, respectively, like
the condition E in FIG. 8 and as illustrated in FIG. 9, when the
phase change curves of lights are compared with each other at
the same time slot, the phase curves are inverted between the
X polarization and the Y polarization. Note that FIG. 9 is a
diagram illustrating an example of optical output by the polar-
ization multiplexing optical transmitter in FIG. 6.

According to the second exemplary embodiment as
explained above, X andY polarization light signals are modu-
lated with signals of different polarities. That is, since the
polarity is inverted between the X polarization and the Y
polarization, when a wavelength dispersion occurs during a
transmission in an optical fiber, a different waveform change
condition between the polarizations can be accomplished.
Hence, a condition in which a weak correlation in waveform
change between the polarized waves can be realized, thereby
to ease the adverse effects of intra-polarized-wave XPM.
Conversely, unlike the first exemplary embodiment of the
present invention, according to the second exemplary
embodiment, as illustrated in FIG. 9, an inverted condition of
the phase polarity between the adjoining bits in the same
polarized wave as illustrated in FIG. 5 does not occur.

FIG. 10 is a diagram illustrating a structure of a polariza-
tion multiplexing optical transmitter according to a third
exemplary embodiment of the present invention, and the
same component as that of FIG. 1 will be denoted by the same
reference numeral. As illustrated in FIG. 10, the polarization
multiplexing optical transmitter of the third exemplary
embodiment has the location of the delay circuit changed
relative to the structure in FIG. 1, and a delay circuit 11 is
disposed between the data signal 7 and the PSK modulator 4.
The amount of delay by the delay circuit 11 is set to be acycle
of Baud rate (a cycle of the clock signal 9). According to the
third exemplary embodiment of the present invention
employing the above-explained structure, needless to say, the
same advantageous effects as those of the first exemplary
embodiment can be also accomplished.

FIG. 11 is a diagram illustrating a structure of a polariza-
tion multiplexing optical transmitter according to a fourth
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exemplary embodiment of the present invention, and the
same component as that of FIG. 1 will be denoted by the same
reference numeral. As illustrated in FIG. 11, the polarization
multiplexing optical transmitter of the fourth exemplary
embodiment employs a structure in which the location of the
phase modulator is changed relative to the structure in FIG. 1.
After the frequency dividing circuit 21 divides the frequency
of'the clock signal 9 into half, the clock signal is branched into
two signal components by a clock divider 14, and those signal
components are supplied to phase modulators 12, 13 disposed
atthe following stage relative to the optical coupler 2. A delay
circuit 15 is disposed between the clock divider 14 and the
phase modulator 13, and the amount of delay by the delay
circuit 15 is set to be a cycle of Baud rate (a cycle of the clock
signal 9).

Hence, the phase modulator 12 performs phase modulation
on the input light in accordance with the clock signal from the
clock divider 14, while the phase modulator 13 performs
phase modulation on the input light in accordance with the
clock signal to which the delay is provided by the delay circuit
15. According to the fourth exemplary embodiment of the
present invention employing the above-explained structure,
needless to say, the same advantageous effects as those of the
first exemplary embodiment can be also accomplished. Note
that in the structure in FI1G. 11, the PSK modulators 3, 4 may
be disposed between the optical coupler 2 and the phase
modulators 12, 13, respectively.

FIG. 12 is a diagram illustrating a structure of a polariza-
tion multiplexing optical transmitter according to a fifth
exemplary embodiment of the present invention, and the
same component as that of FIG. 11 will be denoted by the
same reference numeral. As illustrated in FIG. 12, the polar-
ization multiplexing optical transmitter of the fifth exemplary
embodiment employs a structure in which the location of the
delay circuit is changed relative to the structure in FIG. 11,
and the delay circuit 10 is disposed between phase modulator
13 and the PSK modulator 14. Note that, the amount of delay
by the delay circuit 10 is set to be a cycle of Baud rate (a cycle
of the clock signal 9). According to the fifth exemplary
embodiment employing the above-explained structure, need-
less to say, the same advantageous effects as those of the first
exemplary embodiment can be also accomplished.

FIG. 13 is a diagram illustrating a structure of a polariza-
tion multiplexing optical transmitter according to a sixth
exemplary embodiment of the present invention, and the
same component as that of FIG. 11 will be denoted by the
same reference numeral. As illustrated in FIG. 13, the polar-
ization multiplexing optical transmitter of the sixth exem-
plary embodiment employs a structure in which the location
of'the delay circuit is changed relative to the structure in FIG.
11, and the delay circuit 11 is disposed in a route of the data
signal 7 to the PSK modulator 4. The amount of delay by the
delay circuit 11 is set to be a cycle of Baud rate (a cycle of the
clock signal 9). According to the sixth exemplary embodi-
ment employing the above-explained structure, needless to
say, the same advantageous effects as those of the first exem-
plary embodiment can be also accomplished.

FIG. 14 is a diagram illustrating a structure of a polariza-
tion multiplexing optical transmitter according to a seventh
exemplary embodiment of the present invention, and the
same component as that of FIG. 1 will be denoted by the same
reference numeral. As illustrated in FIG. 14, the polarization
multiplexing optical transmitter of the seventh exemplary
embodiment employs a structure in which an amplitude
modulation (AM modulation) process in accordance with the
clock signal 9 is further added to the structure in FIG. 1, and
the clock divider 14 and AM modulators 16, 17 are added. The
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8
clock divider 14 supplies the clock signal 9 to the frequency
dividing circuit 21, and the AM modulators 16, 17.

The AM modulator 16 performs amplitude modulation on
an input light in accordance with the clock signal from the
clock divider 14, while the AM modulator 17 performs ampli-
tude modulation on an input light delayed by the delay circuit
10 in accordance with the clock signal from the clock divider
14. According to the seventh exemplary embodiment employ-
ing the above-explained structure, needless to say, the same
advantageous effects as those of the first exemplary embodi-
ment can be also accomplished. Note that in the structure in
FIG. 14, the AM modulators 16, 17 may be disposed between
the PSK modulators 3, 4 and the polarization beam combiner
5, respectively.

FIG. 15 is a diagram illustrating a structure of a polariza-
tion multiplexing optical transmitter according to an eighth
exemplary embodiment of the present invention, and the
same component as that of FIG. 11 will be denoted by the
same reference numeral. As illustrated in FIG. 15, the polar-
ization multiplexing optical transmitter of the eighth exem-
plary embodiment has an AM modulator 18 added between
the LD 1 and the optical coupler 2 relative to the structure in
FIG. 11. Unlike FIG. 11, the phase modulators 12, 13 are
disposed between the PSK modulators 3, 4 and the polariza-
tion beam combiner 5 in FI1G. 15, but it is needless to say that
likewise FIG. 11, such phase modulators 12, 13 may be dis-
posed between the optical coupler 2 and the PSK modulators
3,4.

A clock divider 22 supplies the clock signal 9 to the fre-
quency dividing circuit 21 and the AM modulator 18. The AM
modulator 18 performs amplitude modulation on an input
light in accordance with the clock signal 9 from the clock
divider 22. According to the eighth exemplary embodiment
employing the above-explained structure, needless to say, the
same advantageous effects as those of the first exemplary
embodiment can be also accomplished.

FIG. 16 is a diagram illustrating a structure of a polariza-
tion multiplexing optical transmitter according to a ninth
exemplary embodiment of the present invention, and the
same component as that of FIG. 15 will be denoted by the
same reference numeral. As illustrated in FIG. 16, the polar-
ization multiplexing optical transmitter of the ninth exem-
plary embodiment employs a structure in which the location
of'the delay circuit is changed relative to the structure in FIG.
15, and the delay circuit 10 is disposed between the PSK
modulator 4 and the phase modulator 13. According to the
ninth exemplary embodiment employing the above-ex-
plained structure, needless to say, the same advantageous
effects as those of the first exemplary embodiment can be also
accomplished.

While the invention has been particularly shown and
described with reference to exemplary embodiments thereof,
the invention is not limited to these embodiments. It will be
understood by those of ordinary skill in the art that various
changes in form and details may be made therein without
departing from the spirit and scope of the present invention as
defined by the claims.

This application is based upon and claims the benefit of
priority from Japanese patent application No. 2012-170697,
filed on Aug. 1, 2012, the disclosure of which is incorporated
herein in its entirety by reference.

REFERENCE SIGNS LIST

11D
2 optical coupler
3, 4 PSK modulator
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5 Polarization beam combiner

6, 7 Data signal

8, 12, 13 Phase modulator

9 Clock signal

10, 11, 15 Delay circuit

14, 22 Clock divider

16, 17, 18 AM modulator

21 Frequency dividing circuit

The invention claimed is:

1. A polarization multiplexing optical transmitter compris-

ing:

a frequency dividing unit that performs frequency dividing
on a clock signal having a Baud rate frequency;

aphase modulation unit that performs phase modulation on
a light signal in accordance with the clock signal having
undergone the frequency dividing;

a branching unit that branches the phase-modulated light
signal into two branched light signals with polarizations
orthogonal to each other;

adelay unit that delays one branched light signal relative to
the other branched light signal to generate light signals
having phases inverted relative to each other and polar-
izations orthogonal to each other; and

a polarization multiplexing unit that combines the gener-
ated light signals with phases inverted relative to each
other and polarizations orthogonal to each other, to gen-
erate a polarization multiplexed signal.

2. The polarization multiplexing optical transmitter

according to claim 1, wherein:

the frequency dividing unit divides frequency of the clock
signal having the Baud rate frequency to be half in
frequency; and

the delay unit delays the one branched light signal relative
to the other branched light signal by a cycle of the clock
signal having the Baud rate frequency.

3. A polarization multiplexing optical transmitter compris-

ing:
a frequency dividing unit that performs frequency dividing
on a clock signal having a Baud rate frequency;
a phase modulation and delay unit that
performs phase modulation on two light signals having
polarizations orthogonal to each other and having a
same wavelength, in accordance with the clock signal
having undergone the frequency dividing, and

delays one phase-modulated light signal relative to the
other phase-modulated light signal to generate light
signals having phases inverted relative to each other
and polarizations orthogonal to each other; and

a polarization multiplexing unit that combines the gener-
ated light signals with phases inverted relative to each
other and polarizations orthogonal to each other, to gen-
erate a polarization multiplexed signal.

10

15

20

25

30

45

50

10

4. The polarization multiplexing optical transmitter
according to claim 3, wherein the phase modulation and delay
unit comprises:

a branching unit that branches the clock signal having
undergone the frequency dividing into a first branched
clock signal and a second branched clock signal; and

a delay unit that delays the first branched clock signal
relative to the second branched clock signal;

wherein the phase modulation and delay unit is configured
to perform phase modulation on the one light signal in
accordance with the first branched clock signal, and
perform phase modulation on the other light signal in
accordance with the second branched clock signal, to
generate the light signals having phases inverted relative
to each other.

5. The polarization multiplexing optical transmitter

according to claim 3, wherein:

the frequency dividing unit divides frequency of the clock
signal having the Baud rate frequency to be half in
frequency; and

the phase modulation and delay unit delays the one phase-
modulated light signal relative to the other phase-modu-
lated light signal by a cycle of the clock signal having the
Baud rate frequency.

6. An operation control method for a polarization multi-

plexing optical transmitter, the method comprising:

a frequency dividing step for performing frequency divid-
ing on a clock signal having a Baud rate frequency;

a phase modulation step for performing phase modulation
on a light signal in accordance with the clock signal
having undergone the frequency dividing;

a branching step for branching the phase-modulated light
signal into two branched light signals with polarizations
orthogonal to each other;

a delay step for delaying one branched light signal relative
to the other branched light signal to generate light sig-
nals having phases inverted relative to each other and
polarizations orthogonal to each other; and

a polarization multiplexing step for combining the gener-
ated light signals with phases inverted relative to each
other and polarizations orthogonal to each other, to gen-
erate a polarization multiplexed signal.

7. The operation control method according to claim 6,

wherein:

the frequency dividing step divides frequency of the clock
signal having the Baud rate frequency to be half in
frequency; and

the delay step delays the one branched light signal relative
to the other branched light signal by a cycle of the clock
signal having the Baud rate frequency.
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